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ABSTRACT
We report three new barium (Ba) dwarfs lying in Sirius-like systems, which provides
direct evidence that Ba dwarfs are companions to white dwarfs (WDs). Atmospheric
parameters, stellar masses, and chemical abundances of 25 elements, including light,
α, Fe-peak and s-process elements, are derived from high resolution and high S/N
spectra. Enhancement of s-process elements with [s/Fe] ratios between 0.4 and 0.6
confirm them as mild barium stars. The estimated metallicities (−0.31, −0.06, 0.13)
of BD+68◦1027, RE J0702+129 and BD+80◦670 are in the range of known Ba dwarfs
and giants. As expected, observed indices of [hs/ls], [s/Fe] and [C/Fe] show anticorre-
lation with metallicity. AGB progenitor masses are estimated for the WD companions
of RE J0702+129 (1.47M⊙) and BD+80
◦670 (3.59M⊙), which confirms the predicted
range of progenitor AGB masses (1.5 ∼ 4 M⊙) for unseen WDs around Ba dwarfs.
Surface abundances of s-process elements in RE J0702+129 and BD+80◦670 are com-
pared with AGB models and they are in close agreement, within predicted accretion
efficiencies and pollution factors for Ba stars. These results support that the origin of
s-process overabundances in Ba dwarfs is similar to Ba giants via McClure hypothesis
in which Ba stars accumulate s-process elements through mass transfer from their host
companions during AGB phase.
Key words: stars: fundamental parameters – stars: abundances – stars: chemically
peculiar– (stars:) binaries: general – (stars:) white dwarfs
1 INTRODUCTION
Classical Ba stars are GK-type giant stars that show
enhancement in carbon and heavy elements produced
by the s-process nucleosynthesis, firstly discovered by
Bidelman & Keenan (1951). The production of neutron cap-
ture elements in a star is expected to happen on the ther-
mally pulsating phase of asymptotic giant branch (TP-
AGB), but the luminosity estimations for Ba stars are below
the threshold for the onset of TP-AGB to experience self-
enrichment of s-process elements (Bergeat & Knapik 1997;
Escorza et al. 2017). McClure et al. (1980) proposed a mass-
transfer scenario within a binary system with a possible com-
panion WD (AGB progenitor) that could be responsible for
s-process overabundances in these stars.
In the last few decades, extensive studies were
⋆ Contact e-mail: xmkong@nao.cas.cn
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performed for checking binarity in Ba stars (McClure
1984; McClure & Woodsworth 1990; Jorissen et al.
1998; Bo¨hm-Vitense et al. 2000). For example,
Bo¨hm-Vitense et al. (2000) searched for properties of
companions based on characteristic ultraviolet continua in
several Ba stars and found definite excess fluxes that can
be attributed to WD companions for five of their targets,
and concluded that it is indeed highly probable that all
barium and mild barium stars have WD companions. It
was quite recently, based on near-UV and far-UV fluxes
data from Galaxy Evolution Explorer (GALEX mission),
Gray et al. (2011) quantified far-UV excess in six Ba dwarfs
compared to normal dwarfs and presented a direct argu-
ment that Ba dwarfs have WD companions. These results
basically supported the binary origin for these Ba stars,
although negative cases might exist, such as those identified
by Escorza (private communication) from a long-term
radial-velocity monitoring of five Ba dwarfs uncovered by
Edvardsson et al. (1993). They found that two of them are
c© 2017 The Authors
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not binaries. On the other hand, it seems that a binary
system with a WD companion is not a sufficient condition
for a star to become a barium star. Merle et al. (2016)
analysed the abundances of s-process elements for primary
components of 11 binary stars and concluded that binary
systems with WD companions less massive than 0.5 M⊙ do
not form barium stars.
The external contamination hypothesis predicts that
the star contaminated by its AGB companion is as likely
to be a dwarf as a giant (Gray et al. 2011). Moreover, the
WD would cool off after the mass transfer, and many WD
companions are so cool that their cooling timescales must
be longer than the lifetime of barium stars on the giant
branch (Bo¨hm-Vitense et al. 2000). So, a fairly large number
of main-sequence stars with s-process overabundances are
expected. But the fact is, Ba stars are known to be associated
with giant branch since 1951 until the discovery of mild s-
process overabundances in a dwarf star HR 107 was reported
by Tomkin et al. (1989), which suggests the existence of
main-sequence counterparts of classical Ba giants. Following
the discovery of the Ba dwarf star HR 107, Edvardsson et al.
(1993) discovered 5 Ba dwarfs from the large survey meant
for abundance study of F stars. North et al. (1994) dis-
covered 8 Ba dwarfs among 20 F stars with strong Sr
λ4077 mentioned by Bidelman (1981, 1983, 1985) and an-
alyzed three Ba dwarfs taken from the list of Lu et al.
(1983) which are probably dwarfs rather than giants. In the
next twenty years, dedicated surveys increased the num-
ber of Ba dwarfs (HD 147513, Porto de Mello & da Silva
1997a; HD 8270, HD 13551, HD 22589, Pereira 2005;
HD 26367, Gray & Griffin 2007; HD 11397, HD 14282,
Pompe´ia & Allen 2008; BD−03◦3668, Pereira et al. (2011)).
But compared to Ba giants, the sample of Ba dwarfs known
to date is considerably smaller. It is especially important
to identify new examples of Ba dwarfs and provide more
direct evidences that Ba dwarfs have WD companions, for
investigating the origin and properties of Ba stars.
Sirius-like systems (SLSs) are binary systems wherein
dwarfs and giants are companions with WDs, and some pri-
maries are found to be Ba giants. Holberg et al. (2013) cata-
logued 98 SLSs including the information on orbital periods
and WD companion masses. To search for Ba dwarfs and in-
vestigate the origin and properties of Ba stars, we chose 21
primary stars in SLSs, including 6 giants and 15 dwarfs. We
identified three Ba dwarfs (BD+68◦1027, BD+80◦670 and
RE J0702+129) among our sample based on their detailed
abundance analysis, and their abundance patterns are com-
pared with known barium dwarfs, CH subgiants, and AGB
models in the present work.
In the following Section 2, we describe the observations
and process of data reduction. Determination of stellar pa-
rameters are presented in Section 3. Determination of abun-
dances and their uncertainties are presented in Section 4.
Comments on individual stars are given in Section 5. The
results are discussed in Section 6 and concluded in Section
7.
Figure 1. A portion of spectra of sample stars in the wavelength
region of 6140 to 6175 A˚. Some lines are identified.
2 HIGH-RESOLUTION SPECTRA OF THE
SAMPLE STARS
Sample stars are selected from Holberg et al. (2013) and
their basic parameters are given in Table 1. For the stars
which have parallaxes from both Hipparcos and Gaia DR1
TGAS data (Gaia Collaboration et al. 2016), we adopted
the distances from Gaia to calculate relevant atmospheric
parameters.
2.1 Observations and data reduction
The spectra of three sample stars were obtained using ARC
Echelle Spectrograph (ARES) mounted on 3.5 m telescope
located at Apache Point Observatory (APO), during two ob-
serving runs in 2014 (see Table 1 for details). Spectra cover
wavelength range of 4,400 A˚ to 10,000 A˚ with a resolution
R ∼ 31, 500 . The log of observations is given in Table 1 and
sample spectra in Ba region are shown in Figure 1. For the
three stars, S/N ratio is over 100 in the entire wavelength
region. In addition, we obtained the solar spectrum for per-
forming differential abundance analysis.
The raw 2D spectra were reduced using IDL programs
for background subtraction, flat-fielding, order identifica-
tion, extraction, and wavelength calibration. The 1-D wave-
length calibrated spectra were normalized to continuum
by fitting cubic spline functions with smooth parameters.
Radial velocities were obtained by fitting the profiles of
about 80 pre-selected lines with inter-mediate strength (See
Wang et al. 2011 for details).
2.2 Equivalent widths
We measured the equivalent widths (EWs) in continuum
normalized spectra using two methods: for weak lines, the
line profiles were usually well fitted by a Gaussian func-
tion, and direct integration was adopted for unblended lines
which are well separated from nearby lines. For most of the
elements, we chose lines with EWs between 10 and 120 mA˚.
For some elements (e.g. K, and Ba), we opted to use lines
with EWs stronger than 120 mA˚ due to limited availability
MNRAS 000, 1–11 (2017)
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Table 1. Log of observations and basic data of sample stars.
Primary Date Exposure time Primary V ̟(Hip) d ̟(Gaia) d WD MWD
(sec) Type (mas) (pc) (mas) (pc) Type (M⊙)
BD+68◦1027 2014 Nov. 11 1800 G5 9.78 12.68± 0.76 78.86 11.09 ± 0.22 90.17 DA -
RE J0702+129 2014 Oct. 23 1200 K0IV/V 10.66 - 115.00a - - DA1.4 0.57b
BD+80◦670 2014 Oct. 23 600 G5V 9.16 - 40.00c 11.67 ± 0.72 85.69 DA6 0.81c
a Barstow et al. (2010); b Kawka & Vennes (2010); c Gianninas et al. (2011)
Figure 2. A comparison of equivalent widths measured in this
work with those of Bensby et al. (2014) for Sun. The solid line is
a linear fit to the points, whereas the dashed line is one-to-one
correlation.
of spectral lines throughout the wavelength region of 4,500-
9,000 A˚.
The uncertainties of EWs were estimated by compar-
ing them for the solar spectrum with the values taken from
Bensby et al. (2014). The comparison of EWs for 452 lines
is displayed in Figure 2. We obtained a linear regression for
the two data sets, EWthiswork = 1.007 (±0.003) EWBensby
- 0.023 (±0.021) (mA˚), and the standard deviation is ∼2.5
mA˚.
3 STELLAR ATMOSPHERIC PARAMETERS
3.1 Effective temperature
The effective temperature (Teff) was determined from ex-
citation equilibrium method, which requires Fe i spectral
lines with a range of lower excitation potentials to give
equal abundances. The slopes of logA - χlow diagrams for
our sample stars are smaller than 0.005 dex/eV. The abun-
dances of Fe i and Fe ii of the three stars as a function of
excitation potentials and equivalent widths are shown in
Figure 3. For comparison, we used the photometric colour
index (V − K) and empirical calibration relations given
by Alonso et al. (1996) to derive effective temperatures. J
and Ks magnitudes were taken from 2MASS (Cutri et al.
2003) and converted to K magnitude (Telescopio Carlos
Sa´nchez photometric system) using the calibration relation
given by Ramı´rez & Mele´ndez (2004). V magnitudes were
obtained by converting Bt and Vt magnitudes from Tycho
to Johnson V system using the calibration relation given
by Mamajek et al. (2002). The color excess E(B − V ) was
interpolated from the dust maps from Schlegel et al. (1998),
with a slight revision (see Beers et al. (2002) for details).
Then, we adopted E(V −K) = 2.727E(B−V ) as the colour
excess for V −K (McCall 2004). Table 2 lists the effective
temperatures derived from V −K and excitation equilibrium
method, and we adopted the latter as our final effective tem-
perature in following analysis.
For RE J0702+129, due to lack of parallax from
Hipparcos or Gaia, we adopted distance of 115 pc from
Barstow et al. (2010) to estimate reddening and effective
temperature, Teff(V − K) = 5052 K. The difference be-
tween photometric and excitation equilibrium temperature
(Teff(Spec) = 5531 K), is found to be 479 K. In addition,
using Teff = Teff(V −K) of 5052 K we found the difference
in iron abundances between Fe i and Fe ii is over 0.5 dex
(A(Fe i) = 7.28, A(Fe ii) = 7.82). Photometric temperature
from V − K may be under estimated due to the presence
of high level activity in this star (see Sec. 5.1) that could
affect the color index (Covey et al. 2016). Another reason
could be that RE J0702+129 is in a triple system and the
third companion might have influenced the observed V or K
magnitude.
3.2 Surface gravity
The surface gravity (log g) was determined using two meth-
ods. One is so-called ionization equilibrium method (spec-
troscopic) wherein the value of log g is derived from ioniza-
tion balance between Fe i and Fe ii, and the other is from
basic principles through the relationship between bolomet-
ric flux, temperature, mass and gravity. For the latter, the
fundamental relation is :
log g = log g⊙+log
(
M
M⊙
)
+4 log
(
Teff
Teff⊙
)
+0.4(Mbol−Mbol⊙)
(1)
Mbol = Vmag +BC + 5 log̟ + 5− AV (2)
where M is the stellar mass, which is estimated using
an interpolator of the evolutionary tracks of Yi et al. (2003).
Vmag, ̟, BC, Mbol and AV represent apparent magnitude,
parallax, bolometric correction, absolute bolometric mag-
nitude and interstellar extinction, respectively. The bolo-
metric corrections were calculated using the relation given
by Alonso et al. (1995), which depends on temperature and
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Figure 3. Iron abundances from Fe i (filled circles) and Fe ii (open
triangles) lines are shown as function of equivalent widths (top)
and lower excitation potentials (bottom). The typical error bars
are shown in the top right-hand corner of each panel, they are
also listed in Table 5.
metallicity. For BD+68◦1027 and BD+80◦670, we derived
log g by two methods and adopted the one derived from
Gaia parallaxes. Table 2 list the surface gravities of sample
stars derived from both methods.
3.3 Microturbulent velocity and metallicity
Microturbulence (ξt) was determined by forcing the iron
abundances from different Fe i lines to be independent from
their EWs. Only those Fe i lines with 10 mA˚ < EW < 110
mA˚ were selected in all three sample stars. The initial metal-
licity values for our program stars were set to [Fe/H]= 0.0.
We adopted the final results by iterating the whole pro-
cesses of determining the atmospheric parameters Teff , log g,
[Fe/H], and ξt until they were consistent.
4 ABUNDANCE ANALYSIS
4.1 Atomic data
The atomic data for most of Fe i lines used in this
study were taken from Bensby et al. (2014). To increase
the accuracy of Teff (derived from excitation equilibrium
method) and log g (determined from ionization equilibrium
method), we selected 30 weak Fe i lines and 10 Fe ii lines
from Blackwell et al. (1982a,b), O’Brian et al. (1991) and
Bard et al. (1991) or Bard & Kock (1994) as a supplement.
The references for atomic data of other elements are follow-
ing: O i (Liu et al. 2007), Ce ii, Y ii (Allen & Porto de Mello
2011), La ii, Zr ii (Johnson et al. 2013), Co i, (Colucci et al.
2012), Nd ii (Pereira & Drake 2011), C i, Cu i, Sc i, Sc ii, V i,
Mn i, K i, Sr i (Mele´ndez et al. 2014), Ba ii, Ca i, Cr i, Cr ii,
Ni i, Ti i, Ti ii, Si i, Mg i, Na i (Bensby et al. 2014).
In order to inspect the quality of these gf values, we
obtained abundances of the Sun using our solar spectrum,
and the agreement with those given by Grevesse & Sauval
(1998) was taken as an evidence for reliability of selected
atomic line data. During this process, the deviation between
the abundance derived from given lines and the mean abun-
dance from all lines of the same element was examined, and
we discarded the lines with large deviation(>0.25 dex). Fi-
nally, Teff , log g and ξt for the sun were adopted as 5780 K,
4.44, and 0.9 km s−1, respectively, and the standard devi-
ation of each element abundance is within 0.11 dex. The
EWs and derived elemental abundances for our program
stars along with atomic data are listed in Table 3. Here we
show few lines for guidance and the complete table is avail-
able in electronic form at the CDS.
4.2 Abundances and their uncertainties
Elemental abundances were determined based on measured
EWs of spectral lines with reliable atomic data, model at-
mospheres, and ABONTEST8 program. The required model
atmospheres are interpolated from a grid of plane-parallel,
local thermodynamic equilibrium model provided by Kurucz
(1993). The ABONTEST8 program supplied by Dr. P. Ma-
gain was used to calculate the theoretical line EWs, and
final abundances were obtained by requiring the theoretical
EWs match with the observed values. The calculations have
taken account of several broadening mechanisms: natural,
thermal, van der Waals damping, and microturbulence. The
final abundances, relative to solar abundances derived from
the Moon spectrum, are given in Table 4.
Two types of error sources are taken into account to
estimate the uncertainties of the abundances. One is the er-
rors owing to internal uncertainties, in determining EWs and
atomic data (mainly gf). Here, we only considered the er-
rors from EWs as errors in gf values nearly cancel out when
subtracting the solar abundances from the stellar ones. The
other source is uncertainties in stellar parameters (Teff , log g,
[Fe/H], and ξt). We estimated the impact of the stellar pa-
rameters on derived abundances by changing each quantity
separately, and leaving the others unchanged. Table 5 list
the abundance differences when changing the effective tem-
peratures by 100 K, the surface gravities by 0.1 dex, the
iron abundances by 0.1 dex, and the microturbulent veloci-
ties by 0.2 km s−1. Finally, we took the square roots of the
MNRAS 000, 1–11 (2017)
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Table 2. Stellar parameters of the program stars.
Primary V-K E(V-K) Mv Mp/M⊙ Teff Teff log g log g [Fe/H] ξt
(V-K) (Spec) (Parallax) (Spec)
BD+68◦1027 1.49 0.04 5.01 0.93 5819 5919 4.48 4.55 −0.31 1.0
RE J0702+129 2.06 0.03 5.28 0.93 5052 5531 4.43 4.20 −0.06 1.9
BD+80◦670 1.57 0.13 4.50 1.05 5840 5880 4.33 4.50 0.13 1.6
Table 3. Atomic line data with their equivalent widths and abun-
dances of the program stars.
Star Wavelength Elem Ion log gf LEP EW Abun
[A˚] [eV] (mA˚) (dex)
BD+68◦1027 5380.337 C i 7.680 −1.57 16.1 8.22
5052.170 C i 7.680 −1.24 27.2 8.17
5688.217 Na i 2.100 −0.42 104.8 6.18
6154.230 Na i 2.100 −1.51 18.4 5.95
6160.753 Na i 2.100 −1.24 36.7 6.07
quadratic sum of the errors associated to all factors to cal-
culate the total error, which is given as σTotal. As seen in
Table 5, for most of the chemical elements, the uncertainties
are less than 0.11 dex. Some neutron capture elements (Sr,
Y, and Ba) are sensitive to variations in temperature and
microturbulence, for which uncertainty reaches as large as
0.17 dex.
5 NOTES ON INDIVIDUAL STARS
5.1 BD+68◦1027
BD+68◦1027 is a high proper-motion star based on
SIMBAD. Allende Prieto & Lambert (1999) estimated its
Teff , log g and mass are 5754 K, 4.57 and 0.93 M⊙, respec-
tively. Stellar parameters for this star from Table 2 are com-
pared with these values, and are in good agreement. Among
three Ba dwarfs in this work, it is the most metal-poor and
abundant in s-process elements. Li line at 6707.76 A˚ is al-
most absent in this star, and the measured EW is ∼1.2 mA˚.
5.2 BD+80◦670
BD+80◦670 is also a high proper-motion star based on
SIMBAD. Guillout et al. (2009) determined its atmo-
spheric parameters, Teff(Spec) = 5745, log g(Spec) = 4.30,
[Fe/H] = 0.06, and our values are in good agreement with
them (see in Table 2). None of the lines of La and Nd are
clean enough to derive their abundances as part of s-process
elements. The Li i around 6707.76 A˚ was very weak with
measured EW of ∼3.00 mA˚, consistent with Guillout et al.
(2009) determination of EW of 6707.76 around 3.50 mA˚.
5.3 RE J0702+129
This star is listed as an X-ray binary in SIMBAD, due
to the detection of strong X-ray flux with hardness ratio
of −0.73 (Vennes et al. 1997). According to Vennes et al.
(1997), it hosts a WD companion and hence falls in the
category of SLSs, catalogued by Holberg et al. (2013). Fur-
ther, Barstow et al. (2010) found this star is in triple sys-
tem. There are no previous determination of atmospheric
parameters and abundances for this star. Abundance anal-
ysis from this work shows that C, O, Na and K are rel-
atively higher than solar values. Smith & Lambert (1986)
and Lambert et al. (1993) concluded that Ba giant and
dwarf stars are Li-poor, and the absorption feature at 6707
A˚ might be dominated by Ce line (Reyniers et al. 2002). In-
terestingly, for this star, we derived its Li abundance log ǫ
(Li) ∼ 1.55 (on a scale of log ǫ (H) = 12) using spectrum syn-
thesis method. For the other two sample stars in this work,
the lithium lines around 6707 A˚ were very weak, which are
consistent with the above conclusion.
The spectrum of this star shows strong emission in Hα
and Ca ii IR triplet (see Figure 4), indicating the presence
of high level chromospheric activity. Such activity was pre-
viously noticed by Vennes et al. (1997) based on emission
feature at the core of Ca H & K and Hα. In fact, this star
was identified as rotationally variable based on variation in
its light curve due to starspots (Kiraga 2012). The rotational
period, Prot = 2.81 days, suggests this star is fast rotator and
corresponds to a Rossby number Ro ≈ 0.18 (Ro = Prot/τ ),
where the convective turnover time τ ∼ 16 days was esti-
mated from its mass using the correlation between convec-
tive turnover time and mass given by Wright et al. (2011).
Its Rossby number is close to that of saturation (e.g., Rosat
= 0.13, Wright et al. (2011)), also indicates high activity
level as shown by chromospheric emission lines. This star
also show coronal emission LX/Lbol = −2.74 (Kiraga 2012),
a value even larger than the saturation level of coronal activ-
ity LX/Lbol ∼ −3 (Wright et al. 2011; Reiners et al. 2014).
Compared with the spectrum of Vennes et al. (1997), it ap-
pears that Hα emission line is slightly stronger (e.g., shal-
lower absorption in the center) in our spectrum, suggesting
this star may be more active than before during our observ-
ing run, e.g., a flare-like event, which may be partly respon-
sible for strong Li line similar to 2RE J0743+224, a chro-
mospherically active binary in which Li enhancement was
detected during a long-duration flare (Montes & Ramsey
1998). The activity levels in this star suggests it is an inter-
esting object to consider for continuous monitoring to check
the variations in Hα and spectral lines of other elements.
6 DISCUSSION
6.1 Ba Classification
The abundance patterns of BD+68◦1027, BD+80◦670 and
RE J0702+129 are shown in Figure 5. The three stars show
different levels of enhancement in s-process elements with
[s/Fe] (the mean value of Sr, Y, Zr, Ba, La, Ce and Nd) ra-
tios of 0.57, 0.47 and 0.41, respectively. As de Castro et al.
(2016) have pointed out, there is no clear agreement in
the literature on how high should be the [s/Fe] ratio for
MNRAS 000, 1–11 (2017)
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Table 4. Derived differential abundances for 25 elements in the program stars.
BD+68◦1027 BD+80◦670 RE J0702+129
Species [X/Fe] No.Lines [X/Fe] No.Lines [X/Fe] No.Lines
Li - - - - 1.55± 0.05 (A(Li)) 1
C 0.11± 0.04 2 −0.13± 0.00 2 0.16 ± 0.04 2
O 0.07± 0.08 3 −0.20± 0.08 2 0.17 ± 0.03 2
Na 0.00± 0.08 3 0.04± 0.03 2 0.12 ± 0.03 2
Mg −0.03± 0.04 5 −0.03± 0.04 2 −0.06± 0.01 3
Al 0.03± 0.03 3 0.08± 0.06 4 0.15 ± 0.03 3
Si 0.03± 0.07 17 −0.02± 0.06 16 −0.12± 0.07 9
K 0.15 1 0.18 1 0.54 1
Ca 0.09± 0.07 11 0.09± 0.05 8 0.15 ± 0.02 5
Sc −0.03± 0.09 4 −0.14± 0.05 3 −0.15± 0.04 3
TiI 0.04± 0.06 14 −0.05± 0.07 14 −0.01± 0.09 6
TiII −0.06± 0.08 5 −0.18± 0.07 5 −0.05± 0.10 6
V −0.13± 0.04 2 0.05± 0.05 4 0.20 ± 0.02 2
CrI 0.04± 0.06 5 0.06± 0.02 5 0.17 ± 0.01 2
CrII 0.01± 0.03 6 −0.11± 0.04 4 0.07 ± 0.02 3
Mn −0.20± 0.10 4 −0.02± 0.03 4 −0.06 1
FeI −0.31± 0.11 112 0.13± 0.11 112 −0.06± 0.11 84
FeII −0.34± 0.06 11 0.01± 0.09 13 −0.06± 0.11 12
Co 0.00 1 −0.10± 0.09 3 −0.16 1
Ni −0.03± 0.08 25 −0.05± 0.08 30 −0.07± 0.09 23
Cu −0.14± 0.06 2 −0.09 1 −0.24 1
Sr 0.58 1 0.96 1 0.65 1
Y 0.51± 0.07 3 0.46± 0.06 2 0.33 ± 0.02 2
Zr 0.46 1 0.38 1 0.38 1
Ba 0.62± 0.07 3 0.31± 0.03 3 0.56 ± 0.06 2
La 0.57 1 - - 0.53 1
Ce 0.72± 0.07 3 0.25 1 0.25 ± 0.00 2
Nd 0.55± 0.04 2 - - 0.13 ± 0.10 2
Table 5. Estimated uncertainties in abundance analysis for the program stars.
BD+68◦1027 BD+80◦670 RE J0702+129
∆[X/H] σEW√
N
∆Teff ∆ log g ∆[Fe/H] ∆ξt σTotal
σEW√
N
∆Teff ∆log g ∆[Fe/H] ∆ξt σTotal
σEW√
N
∆Teff ∆ log g ∆[Fe/H] ∆ξt σTotal
(+100K) (+0.1) (+0.1) (+0.2) (+100K) (+0.1) (+0.1) (+0.2) (+100K) (+0.1) (+0.1) (+0.2)
∆[C] 0.03 −0.05 0.03 −0.01 0.00 0.07 0.03 −0.05 0.03 0.00 0.00 0.07 0.03 −0.06 0.03 −0.01 0.00 0.07
∆[O] 0.06 −0.07 0.02 −0.01 −0.01 0.10 0.05 −0.08 0.03 −0.01 −0.02 0.10 0.02 −0.02 0.11 0.08 0.06 0.15
∆[Na] 0.07 0.05 −0.01 0.00 −0.01 0.09 0.04 0.06 −0.01 0.00 −0.02 0.08 0.02 0.06 −0.01 0.00 −0.02 0.07
∆[Mg] 0.02 0.05 −0.01 0.00 −0.01 0.06 0.02 0.04 −0.03 0.00 −0.01 0.05 0.03 0.04 −0.02 0.01 −0.01 0.06
∆[Al] 0.04 0.04 −0.01 0.00 0.00 0.06 0.03 0.04 −0.02 0.00 −0.01 0.05 0.03 0.04 −0.01 0.00 −0.01 0.05
∆[Si] 0.01 0.03 −0.01 0.00 −0.01 0.03 0.02 0.02 0.00 0.01 −0.02 0.04 0.03 0.01 0.00 0.01 −0.02 0.04
∆[K] 0.03 0.09 −0.04 0.01 −0.03 0.11 0.03 0.09 −0.05 0.01 −0.04 0.11 0.03 0.10 −0.05 0.03 −0.03 0.12
∆[Ca] 0.02 0.07 −0.02 0.00 −0.02 0.08 0.02 0.07 −0.02 0.01 −0.04 0.09 0.05 0.07 −0.01 0.00 −0.03 0.09
∆[ScII] 0.02 0.01 0.03 0.02 −0.03 0.05 0.02 0.00 0.04 0.03 −0.03 0.06 0.03 0.00 0.04 0.03 −0.04 0.07
∆[TiI] 0.02 0.10 −0.01 0.00 −0.03 0.11 0.02 0.10 −0.01 0.00 −0.04 0.11 0.04 0.12 −0.01 0.00 −0.05 0.14
∆[TiII] 0.03 0.01 0.03 0.02 −0.03 0.06 0.02 0.00 0.04 0.03 −0.04 0.07 0.04 0.00 0.04 0.03 −0.03 0.07
∆[V] 0.03 0.10 0.00 0.00 −0.01 0.10 0.04 0.10 0.00 0.00 −0.02 0.11 0.02 0.11 0.00 0.00 −0.02 0.11
∆[CrI] 0.04 0.08 −0.02 0.00 −0.03 0.10 0.03 0.09 −0.02 0.01 −0.04 0.11 0.03 0.07 −0.01 0.00 -0.03 0.08
∆[CrII] 0.01 −0.01 0.03 0.01 −0.02 0.04 0.02 −0.02 0.03 0.02 −0.04 0.06 0.01 −0.03 0.03 0.02 −0.05 0.07
∆[Mn] 0.02 0.08 −0.02 0.00 −0.02 0.09 0.05 0.08 −0.02 0.01 −0.05 0.11 0.03 0.07 0.00 0.00 −0.02 0.08
∆[FeI] 0.01 0.08 −0.01 0.00 −0.04 0.09 0.01 0.07 −0.01 0.00 −0.05 0.09 0.01 0.07 0.00 0.01 −0.04 0.08
∆[FeII] 0.01 −0.01 0.03 0.02 −0.03 0.05 0.01 −0.02 0.03 0.03 −0.05 0.07 0.03 −0.04 0.04 0.03 −0.03 0.08
∆[Co] 0.03 0.09 0.00 0.02 0.00 0.10 0.02 0.06 0.00 0.00 −0.02 0.07 0.03 0.09 0.01 0.01 −0.01 0.10
∆[Ni] 0.02 0.07 −0.01 0.00 −0.02 0.08 0.02 0.07 −0.01 0.01 −0.03 0.08 0.02 0.06 0.00 0.01 −0.03 0.07
∆[Cu] 0.02 0.07 −0.01 0.00 −0.03 0.08 0.03 0.09 −0.01 0.02 −0.08 0.13 0.03 0.03 0.01 0.05 −0.07 0.10
∆[Sr] 0.01 0.10 −0.02 -0.01 −0.08 0.13 0.02 0.11 −0.03 0.01 −0.10 0.15 0.03 0.10 −0.01 0.02 −0.09 0.14
∆[Y] 0.02 0.02 0.03 0.03 -0.06 0.08 0.01 0.03 0.03 0.04 −0.06 0.08 0.05 0.12 −0.02 0.01 −0.11 0.17
∆[Zr] 0.03 0.01 0.04 0.02 −0.01 0.06 0.03 0.00 0.04 0.03 −0.02 0.06 0.05 0.01 0.03 0.04 −0.04 0.08
∆[Ba] 0.03 0.05 −0.01 0.04 −0.05 0.09 0.02 0.03 0.01 0.04 -0.08 0.10 0.02 0.13 0.00 0.00 −0.01 0.13
∆[La] 0.04 0.04 0.04 0.03 −0.02 0.08 - - - - - - 0.03 0.03 0.04 0.03 0.00 0.07
∆[Ce] 0.03 0.04 0.03 0.02 −0.05 0.08 0.03 0.02 0.04 0.03 −0.03 0.07 0.05 0.02 0.04 0.03 −0.02 0.08
∆[Nd] 0.01 0.04 0.04 0.03 −0.02 0.07 - - - - - - 0.01 0.03 0.04 0.04 −0.01 0.07
a star to be considered as a barium or even a mild bar-
ium star. Sneden et al. (1981), Porto de Mello & da Silva
(1997b) and Rojas et al. (2013) discovered some mild bar-
ium stars with the minimum value of [s/Fe] ratios, 0.21, 0.23
and 0.34, respectively, and de Castro et al. (2016) assumed
a value of +0.25 as a minimum [s/Fe] ratio for a star to be
considered as a barium star. Considering the above criteria,
we classified BD+68◦1027, RE J0702+129 and BD+80◦670
as mild Ba dwarf stars.
6.2 Comparison with known Ba dwarfs and CH
subgiants
With the use of existing abundances of Ba dwarfs,
Pereira (2005) suggested both CH subgiants and Ba
MNRAS 000, 1–11 (2017)
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Figure 4. Spectra of sample stars are plotted in the region of Hα and Ca ii IR triplet. Note strong emission features are evident in
RE J0702+129.
Figure 5. Element to iron ratio of 24 elements are shown along
with error bars (σTotal of Table 5). Note the enhancement in s-
process elements are clearly seen in all three stars.
dwarfs show similar abundance patterns and may share
same physical mechanism for their s-process elements
enrichment. Escorza et al. (2017) located Ba and CH stars
on Hertzsprung-Russell diagram based on parallaxes pro-
vided by the Tycho-Gaia Astrometric Solution and found
no clear distinction between Ba dwarfs and CH subgiants
with surface gravities (log g) greater than 4.0 dex. So, we
collected the Ba dwarfs and the CH subgiants whose log g
are greater than 3.5 with available abundances of s-process
elements from various literature (see Table 6), and compared
the [s/Fe], [hs/ls] and [C/Fe] ratios of our sample with them.
The [hs/ls] ratio has been widely used to indicate the s-
process efficiency since Luck & Bond (1991). [hs] and [ls]
stand for the mean abundance of ‘heavy’ s-process elements
(Ba, La, Ce and Nd) at the Ba peak and the same for the
‘light’ s-process elements (Sr, Y and Zr) at the Zr peak, re-
spectively. In Figure 6, [hs/ls] ratio shows an anticorrelation
with metallicity, and the data of our three Ba dwarfs fit well
in this diagram. For RE J0702+129 and BD+80◦670, the
small values of their [hs/ls] support that the neutron cap-
ture process becomes less efficient at solar metallicity. Also,
[s/Fe] ratio increases with decrease in metallicity, despite the
large dispersion (See Figure 6).
The Ba stars were characterised with C enrichment
when they were first identified by Bidelman & Keenan
(1951), and in the classical Ba star scenario, the TP-AGB
star enriches its envelope with carbon that was produced
in the form of 12C by shell He burning, in addition to
the neutron capture elements (Porto de Mello & da Silva
1997a). Later studies show that some Ba stars possess weak
CH, C2 and CN molecular band strengths (Sneden et al.
1981). From Figure 6, we can see that BD+68◦1027 and
RE J0702+129 show slight overabundance of carbon ([C/Fe]
∼ 0.11 and 0.16, respectively) compared with disk stars of
similar metallicity. BD+80◦670 is showing deficiency in C
similar to other two metal-rich Ba dwarfs, HR 6094 and
HD 164922, but still follows the trend of normal field dwarfs.
Porto de Mello & da Silva (1997a) suggested C deficiency in
HR 6094 might be due to companion AGB star attributed
to hot bottom burning episode. The WD companion mass of
BD+80◦670 is 0.81M⊙, which is close to what one would ex-
pect for hot bottom burning taking place in AGB stars with
core masses Mc ≥ 0.85M⊙ (Boothroyd & Sackmann 1992).
MNRAS 000, 1–11 (2017)
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Figure 6. The ratios of [hs/ls], [s/Fe] and [C/Fe] are plotted
against metallicity. Open triangles and circles: Ba dwarfs and
CH subgiants from literature (see Table 6). Filled triangles: Ba
dwarfs analyzed in this work. Plus symbols: field FGK dwarfs
from da Silva et al. (2015).
Figure 7. The ratio of [s/Fe] is plotted against carbon abun-
dance. Symbols have the same meaning as in Figure 6.
From Figure 6, it is clear that [C/Fe] shows anticorrelation
with metallicity, and carbon abundance show a positive cor-
relation with s-process elements, as shown in Figure 7.
Bo¨hm-Vitense et al. (2000) and North et al. (2000)
indicated that Ba dwarfs will become Ba giants af-
ter they evolve off main sequence. However, there are
some open questions about this hypothesis. For example,
de Castro et al. (2016) and Escorza et al. (2017) showed the
metallicity distribution of Ba giants in which quite a few
samples occupied metal-rich side −0.1 < [Fe/H ] < 0.1.
From Figure 6, it is clear that the number of Ba dwarfs in the
same metallicity range is very small. If the Ba giants evolved
from Ba dwarfs, then more Ba dwarfs at near solar metallic-
ity need to be identified. RE J0702+129 and BD+80◦670 are
increasing the Ba dwarfs number towards metal-rich range
and are of positive significance for the above hypothesis. The
mass of known Ba dwarfs are found to be slightly below 1
M⊙ to above 2M⊙ (e.g.Escorza et al. 2017 ). The estimated
masses of our target stars (0.93M⊙, 0.93M⊙ and 1.05M⊙, re-
spectively) are within this range, which are still lower than
Ba giants. However, the deficit of high-mass Ba dwarfs is
probably caused by an observational selection effect. Mas-
sive Ba dwarfs are probably concealed among Am-Fm stars
and difficult to identify (North et al. 2000).
6.3 Comparison with AGB models
Hurley et al. (2000) predicted that the minimum WD mass
for its progenitor reach the AGB phase is at least 0.51 M⊙,
i.e, if WD mass is less than the threshold value, the s-
process synthesis didn’t occur in its progenitor and couldn’t
transfer s-process enrichment materials to its companion.
For our three target stars, except BD+68◦1027 which has
no WD mass information, the masses of WD companions
for BD+80◦670 and RE J0702+129 are 0.81 and 0.57 M⊙,
respectively, which are consistent with the prediction of
Hurley et al. (2000). The progenitor masses (during AGB)
estimated using the formulas given by Catala´n et al. (2008)
for the WD companions of the two target stars are 3.59 and
1.47M⊙, respectively, which confirms the predicted range of
WDs arising from AGB progenitors of mass (1.5 ∼ 4 M⊙)
(Dominguez et al. 1999).
The abundance patterns of s-process elements in these
stars are compared with solar metallicity models from
Karakas & Lugaro (2016), wherein they provided surface
abundances ([X/Fe]) of s-process elements predicted at ev-
ery thermal pulse (TP) in low mass AGB stars (See Fig-
ure 8). As barium stars owe their s-process enhancement
to mass transfer, their envelopes were mixed and contam-
inated by the s-rich materials from the AGB donors. The
masses of BD+80◦670 (1.05 M⊙) and RE J0702+129 (0.93
M⊙) suggest their envelopes are convective. Based on MESA
(Modules for Experiments in Stellar Astrophysics) models
(Paxton et al. 2011, 2013, 2015), we have estimated the
masses of the outer convective zones for BD+80◦670 and
RE J0702+129 to be 0.0451 M⊙ and 0.0076 M⊙, respec-
tively.
Let us define the pollution factor r as Macc/Menv , where
Menv is the mass of the envelope in a Ba dwarf after pol-
lution, and Macc is the accreted mass from its companion
AGB star. The pollution factor r is then chosen in order to
match the [X/Fe] of the observed spectroscopic data. The
theoretical s-process abundances with corresponding pollu-
tion factors are calculated and their associated parameters
are given in Table A1. (see Appendix for details). Note that
the level of s-process enrichment in the accreted materials
changes continuously due to various thermal pulses in the
AGB star, and we use a parameter γ to describe this ‘step
process’ (Boffin & Jorissen 1988). The calculation of related
parameters and the dilution process are described in details
in the Appendix. In Figure 8, r=1.00 means the theoretical
MNRAS 000, 1–11 (2017)
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Figure 8. [X/Fe] vs. Z for RE J0702+129 and BD+80◦670, com-
pared to theoretical surface abundances predicted for AGB stars
of Karakas & Lugaro (2016). For the two sample stars, MAGB
means their estimated AGB companion mass. Dotted lines rep-
resent theoretical surface abundances of Ba stars with different
pollution factor r.
abundances in the AGB star (the [X/Fe]fnl in Table A1),
and we list it for reference. The AGB models with initial
masses of 1.5 & 3.5 M⊙ are chosen for RE J0702+129 and
BD+80◦670, respectively, that are close to their compan-
ion AGB masses (1.47 & 3.59 M⊙). The adopted pollu-
tion factors for model s-process abundances that are match-
ing observing abundances of BD+80◦670 (between 0.06 and
0.11) are within predicted range (0.05≤ r ≤0.2) for mild Ba
stars(Han et al. 1995). However, observed [Sr/Fe] is higher
and required r of 0.7 which is in range of strong Ba stars.
For RE J0702+129 the observed abundances are matching
closely with pollution factor of 0.4, a higher value than pre-
dicted range for mild Ba stars, suggests s-process efficiency
is less in low mass AGB stars and requires more pollution.
However, it is noticed that [Sr/Fe] is higher than adopted
model values. The accretion efficiencies for both the stars in
Table A2 show they are within predicted range of Liu et al.
(2017), wherein suggested that accretion efficiency onto the
secondary star varies from about 0.1% to 8% for mass ratios
between 0.05 and 1.0.
7 CONCLUSIONS
Chemical composition analysis of three dwarf primaries
(BD+68◦1027, BD+80◦670 and RE J0702+129) of SLSs
show enhancement in s-process elements, and based on their
[s/Fe] ratios (0.57, 0.47, and 0.41) we categorised them as
mild Ba stars. RE J0702+129 and BD+80◦670 increase the
number of Ba dwarfs with near solar-metallicity that indi-
cates Ba dwarfs span large metallicity range similar to Ba
giants. The estimated masses (0.93, 1.05 and 0.93 M⊙) for
these three target stars are within the range noticed in Ba
dwarfs (slightly below 1 M⊙ to above 2 M⊙). The ratios
of [hs/ls], [s/Fe] and [C/Fe] of our sample fit well with the
observed trend of Ba dwarfs and it is clear that they show
anticorrelation with metallicity.
Based on WD companion masses (0.57 and 0.81 M⊙)
of RE J0702+129 and BD+80◦670, their progenitor AGB
masses are estimated as 1.47 and 3.59 M⊙, respectively,
which perfectly fit to the predicted range of expected pro-
genitor AGB masses (1.5∼4 M⊙) of unseen WDs around
Ba dwarfs. The abundance profiles of the s-process ele-
ments from RE J0702+129 and BD+80◦670 are compared
with models of corresponding companion AGB masses from
Karakas & Lugaro (2016), and found the estimated accre-
tion efficiencies and pollution factors are consistent with the
prediction of Liu et al. (2017) and Han et al. (1995).
In contrast, our study confirms the existence of WD
companions to Ba dwarfs and supports the origin of s-
process enrichment in Ba dwarfs via McClure hypothesis
similar to Ba giants, in which host WD companion during
its TP-AGB phase contaminates primary star atmosphere
with s-process elements through mass transfer.
It is important to understand the role of companion
masses, the orbital period of the binary system and the
metallicity in observed levels of s-process enrichment in Ba
stars, and we discuss these relations in subsequent publica-
tion based on the behaviour of various elements in 21 dwarf
and giant primaries (Ba and normal) of SLSs.
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Star Mp/M⊙ Teff (K) [Fe/H] log g [C/Fe] [Sr/Fe] [Y/Fe] [Zr/Fe] [Ba/Fe] [La/Fe] [Ce/Fe] [Nd/Fe] [s/Fe] remark ref
BD+68◦1027 0.93 5919 −0.31 4.48 0.11 0.58 0.51 0.46 0.62 0.57 0.72 0.55 0.57 dwarf this work
BD+80◦670 1.05 5880 0.13 4.33 −0.13 0.96 0.46 0.38 0.31 - 0.25 - 0.47 dwarf this work
RE J0702+129 0.93 5531 −0.06 4.20 0.16 0.65 0.33 0.38 0.56 0.53 0.25 0.13 0.41 dwarf this work
HR 107 1.2 6440 −0.34 4.10 0.23 0.53 0.60 0.59 0.95 0.67 0.41 0.32 0.58 dwarf 1
HD 8270 0.9 5940 −0.44 4.20 0.31 0.87 0.95 0.92 1.11 1.00 0.83 0.73 0.92 dwarf 1
HD 13551 0.9 5870 −0.44 4.00 0.24 0.88 1.08 0.96 1.16 0.99 0.91 0.73 0.96 dwarf 1
HD 76225 1.4 6110 −0.34 3.80 0.35 1.17 1.17 1.22 1.35 1.22 1.06 0.77 1.14 dwarf 1
HD 87080 1.2 5460 −0.49 3.70 0.33 0.99 1.11 1.08 1.48 1.74 1.73 1.56 1.38 sgCH 1
HD 89948 1.0 6010 −0.28 4.30 0.25 1.03 1.02 0.94 0.99 0.93 0.71 0.65 0.90 sgCH 1
HD 106191 1.0 5890 −0.22 4.20 0.40 0.80 0.91 1.07 0.88 0.66 0.61 0.48 0.77 dwarf 1
HD 107574 1.4 6400 −0.56 3.60 0.39 0.85 0.96 0.95 1.71 1.16 1.02 0.86 1.07 sgCH 1
HD 123585 1.1 6350 −0.44 4.20 0.79 1.16 1.34 1.41 1.79 1.65 1.69 1.41 1.49 sgCH 1
HD 150862 1.1 6310 −0.11 4.60 0.44 0.76 1.08 1.07 1.03 0.80 0.55 0.34 0.80 sgCH 1
HD 188985 1.1 6090 −0.25 4.30 0.39 1.02 1.02 0.92 1.20 1.16 1.23 1.04 1.08 dwarf 1
HD 222349 1.2 6130 −0.58 3.90 0.57 0.98 1.03 1.23 1.38 1.35 1.40 1.26 1.23 dwarf 1
BD+18◦5215 1.1 6300 −0.44 4.20 0.59 1.13 1.01 1.28 1.46 1.19 1.11 0.83 1.14 dwarf 1
BD−03◦3668 0.8-1.0 5220 −0.55 3.70 0.59 - 1.30 1.45 1.64 1.79 1.73 1.98 1.65 sgCH 2
HR 6094 - 5859 0.04 4.63 −0.18 - 0.22 0.24 0.37 - 0.06 0.27 0.23 dwarf 3
HD 26367 - 6160 −0.05 4.00 - 0.65 - - 0.42 - - - 0.54 dwarf 4
HD 22589 0.8 5600 −0.16 3.80 0.64 - 0.72 0.75 0.56 0.29 0.07 0.48 dwarf 5
HD 50264 1.0 5800 −0.34 4.20 0.59 - 0.88 1.29 1.25 0.92 0.76 0.47 0.93 sgCH 6
HD 11377 - 6000 −0.05 4.10 0.24 - 0.29 0.43 0.03 - - 0.26 0.25 sgCH 7
HD 125079 - 5300 −0.16 3.50 0.69 - 1.22 0.84 0.75 - - 0.85 0.92 sgCH 7
HD 182274 - 6000 −0.18 4.50 0.58 - 0.77 0.79 0.59 - - 0.80 0.74 sgCH 7
HD 219116 - 5300 −0.32 3.50 0.53 - 1.12 0.87 0.89 - - 0.97 0.96 sgCH 7
BD−18◦255 - 6800 −0.18 4.30 - - 1.58 1.30 - 1.77 1.46 1.59 1.54 sgCH 8
BD+17◦2537 - 5900 −0.24 4.00 - - 0.49 0.56 - 0.59 0.22 0.09 0.39 sgCH 8
HD 127392 - 5600 −0.52 3.90 - - 1.04 0.48 - 1.16 0.70 0.98 0.87 sgCH 8
BD−11◦3853 - 6000 −0.81 4.30 - - 0.65 0.48 - 1.15 1.10 1.27 0.93 sgCH 8
HD 141804 - 6000 −0.41 3.50 - - 0.60 1.48 1.25 1.18 1.10 0.95 1.09 sgCH 8
BD−10◦4311 - 5800 −0.58 4.00 - - 0.85 0.62 - 0.70 0.51 0.94 0.72 sgCH 8
CPD−62◦6195 - 5400 −0.97 3.50 - - 0.60 1.57 - −0.09 0.89 1.16 0.83 sgCH 8
HD 202020 - 5600 −0.13 4.00 - - 0.86 0.31 - 0.73 0.09 0.31 0.46 sgCH 8
HD 224621 - 6000 −0.41 4.00 - - 0.91 0.34 - 0.63 0.73 1.09 0.74 sgCH 8
HD 4395 1.4 5550 −0.16 3.70 - 1.08 0.65 0.58 0.79 1.03 0.42 0.80 0.76 sgCH 9
HD 48565 1.2 6030 −0.59 3.80 - 1.73 1.08 0.90 1.52 1.46 1.42 1.51 1.37 sgCH 9
HD 216219 1.6 5950 −0.17 3.50 - 1.80 1.00 0.98 1.10 1.04 1.03 0.99 1.13 sgCH 9
HD 89668 - 5400 −0.13 4.40 0.05 1.06 0.55 - −0.24 1.87 1.52 1.44 1.03 sgCH 10
HD 92545 1.2 6380 −0.21 4.70 0.68 - 0.23 - 0.91 0.95 1.60 - 0.92 sgCH 10
HD 122202 - 6430 −0.63 4.00 0.50 - 1.44 - 0.33 0.90 1.62 - 1.07 sgCH 10
HD 126681 - 5760 −0.90 4.70 - - 0.02 - 0.27 - 0.67 1.20 0.54 sgCH 10
HD 164922 - 5400 0.22 4.30 −0.15 0.79 0.14 - 0.28 0.15 −0.09 - 0.25 sgCH 10
HD 204613 1.1 5875 −0.24 4.20 0.49 1.71 0.97 1.14 1.04 1.21 1.24 1.02 1.19 sgCH 11
HD 21922 - 5943 −0.48 4.30 0.27 0.25 0.23 0.33 0.18 - 0.34 0.17 0.25 dwarf 11
HD 36667 - 5776 −0.45 4.00 0.34 0.33 0.38 0.47 0.33 - 0.26 0.40 0.36 dwarf 11
HD 80218 - 6091 −0.28 4.20 0.21 0.33 0.26 0.00 0.16 - −0.07 0.04 0.12 dwarf 11
HD 88446 - 5875 −0.35 4.10 0.34 0.57 0.58 0.66 0.65 - 0.58 0.69 0.62 dwarf 11
HD 140324 - 5822 −0.36 4.10 0.23 - 0.29 0.18 - - 0.29 - 0.25 dwarf 11
HD 220842 - 5761 −0.31 4.20 0.39 0.27 0.35 0.09 0.27 - 0.05 0.12 0.19 dwarf 11
HR 2906 - 6167 −0.18 4.09 - - 0.17 0.16 0.29 - - 0.16 0.20 dwarf 12
HR 4285 - 5890 −0.30 4.05 - - 0.09 0.20 0.23 - - - 0.17 dwarf 12
HR 4395 - 6643 −0.10 3.98 - - - - 0.57 - - - 0.57 dwarf 12
HR 5338 - 6177 −0.11 3.94 0.07 - 0.35 - 0.36 - - - 0.36 dwarf 12
HD 6434 - 5813 −0.54 4.42 - - 0.28 0.34 0.34 - - 0.16 0.28 dwarf 12
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HD 147609 - 6270 −0.50 3.50 0.29 - 0.96 0.80 - - - 0.98 0.91 sgCH 13
HD 177645 - 7150 −0.20 3.55 - - 1.52 1.36 - - - 0.96 1.28 sgCH 13
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APPENDIX A: ESTIMATE OF MODEL
ABUNDANCES AFTER POLLUTION
AGB stars loose mass, ∆M1=Σ∆Mtr, during TP-AGB
phase. Every ∆Mtr has different s-process abundances. For
the sake of simplicity, ∆M1 was assumed with a fixed abun-
dance [X/Fe]mid, which can be reasonable get from the mod-
els provided by Karakas & Lugaro (2016). At the end of
AGB phase, a planetary nebula of mass ∆M2 is ejected
with a final element abundance [X/Fe]fnl (Boffin & Jorissen
1988). Then, the total lost mass for the AGB star is
Mlost=∆M1 +∆M2. The accretion efficiency α is estimated
from Macc/Mlost. Macc means the accreted mass from the
AGB donor. We assume ∆M1 and ∆M2 contribute the same
portion in the accreted mass. Then, Macc=∆M
′
1 +∆M
′
2
The theoretical abundances after pollution for the
Ba stars are estimated using the following, [X/Fe] =
log(10[X/Fe]
ini
(1− r)+ r(1− γ)10[X/Fe]
mid
+ rγ10[X/Fe]
fnl
)
, [X/Fe]ini is the initial abundance of Ba stars before pol-
lution, which we assumed same as the solar s-process abun-
dance. [X/Fe]mid is the abundance during the TP episodes
on AGB, and we have taken a fixed value from models. r is
the ‘pollution factor’ and expressed as Macc/Menv . γ means
the mass fraction of ∆M
′
2 with final abundances in the to-
tal accreted matter. ∆M
′
2 = γMacc; ∆M
′
1 = (1 − γ)Macc.
For RE J0702+129, we have assumed that ∆M1 and ∆M2
contribute the same portion in the accreted mass, then, γ
= ∆M
′
2/Macc = ∆M2/Mlost=0.80/(0.08+0.80)=0.91. For
BD+80◦670, γ = 1.60/(1.18+1.60)=0.58.
This paper has been typeset from a TEX/LATEX file prepared by
the author.
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Table A1. Adopted AGB models and their parameters
M=1.5 M⊙ M=3.5 M⊙
[X/Fe]fnl [X/Fe]mid r=0.08 r=0.2 r=0.4 [X/Fe]fnl [X/Fe]mid r=0.06 r=0.11 r=0.2
[Sr/Fe] 0.60 0.00 0.09 0.19 0.32 1.27 1.14 0.29 0.43 0.61
[Y/Fe] 0.68 0.00 0.11 0.23 0.38 1.34 1.21 0.33 0.49 0.68
[Zr/Fe] 0.73 0.00 0.12 0.25 0.41 1.33 1.21 0.32 0.48 0.67
[Ba/Fe] 1.00 0.00 0.22 0.42 0.63 1.26 1.18 0.29 0.44 0.62
[La/Fe] 0.96 0.00 0.20 0.39 0.60 1.17 1.09 0.25 0.38 0.55
[Ce/Fe] 0.95 0.00 0.19 0.38 0.59 1.14 1.06 0.23 0.36 0.53
[Nd/Fe] 0.80 0.00 0.14 0.29 0.46 0.96 0.90 0.16 0.27 0.40
Table A2. Estimated model parameters for our sample stars
M/M⊙ Menv/M⊙ Mlost/M⊙ γ Macc/M⊙ accretion efficiency pollution factor
∆M1 ∆M2
RE J0702+129 0.93 0.0076 0.08 0.80 0.91 0.0006-0.003 0.07% - 0.35% 0.08 - 0.40
BD+80◦670 1.05 0.0451 1.18 1.60 0.58 0.0027-0.005 0.10% - 0.18% 0.06 - 0.11
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